We investigate the effects of mesonic clouds on neutron electric and nucleon strange form factors in the framework of the chiral quark soliton model. We present a mechanism to identify the mesonic clouds and their Yukawa tail in the polarized Dirac sea. We find that, assuming hedgehog structures and semiclassical quantization, the neutron electric and the nucleon strange form factors are noticeably dependent on the value of the mass parameter in the Yukawa tails. A method is described to treat these Yukawa tails correctly. A hybrid way of calculating the neutron electric form factor is presented, which gives operationally both meson fields the proper Yukawa tails. This yields noticeably better agreement with experiment than previous calculations in the chiral quark soliton model and turns out to reproduce the data well.
I. INTRODUCTION
For many years effective chiral models have been used to calculate properties of nucleons and baryons. We have in mind theories like the Skyrme model, the Nambu-Jona-Lasinio and chiral quark soliton approach, chiral and cloudy bag models, etc. In most of the cases the calculations are restricted to SU (2) and hedgehog structures are assumed for the pionic field. If one treats under those conditions the system properly one can always manage that the pion field of the baryon shows in the asymptotic region a Yukawa tail with a mass parameter corresponding to the physical pion mass of m π = 139 MeV. This seems to be a realistic picture and indeed many very successful calculations for electromagnetic and axial form factors and static properties of the nucleon and the delta-isobar have been performed (see review article [1] ).
Problems arise, however, if one likes to include effects of strange quarks. In contrast to up-and down-quarks, which have a current mass of about 5-10 MeV, strange quarks have a current mass of about 180 MeV. So one would expect the corresponding meson field, i.e. the kaon field, to have a Yukawa tail corresponding to the physical kaon mass of m K = 496 MeV. For most of the hedgehog models, however, it is not possible to have the radial dependence of the tail of the kaon field different from that of the pion field. The reason is obvious: One generally uses a so-called trivial embedding of SU(2) into SU(3) and treats the current mass difference perturbatively. In the semiclassical quantization of the system the kaon field appears then as a rotational excitation of the pion field in the strange direction and hence the kaon field inherits automatically the radial dependence of the pion field. In fact only the absolute magnitude of these fields might be different. This is probably justified for many observables and indeed calculations of this sort were often very successful. There are, however, observables which intuitively should depend noticeably on a proper treatment of the kaon tail like e.g. the strange form factor of the nucleon and the electric form factor of the neutron. Both quantities are experimentally extremely interesting and hence a proper theoretical description is highly searched for. Actually there are other formalisms like the one of Callan and Klebanov, which treats pions and kaons on quite different footing, but there are only few realistic applications and no form factors have been calculated yet.
It is therefore the objective of the present paper, to formulate one of the above mentioned models, i.e. the chiral quark soliton model with hedgehog configuration, in a way which allows to identify clearly the mesonic clouds and their contribution to a form factor and to provide a formalism, which takes care that the mesonic clouds have a proper asymptotic behavior, i.e. that the Yukawa tail of the pion field falls off with the physical pion mass and that of the kaon field with the physical kaon mass. This will eventually lead to a so-called hybrid method in which the neutron and proton electric form factors will be evaluated. We shall see that the proper treatment of both pion and kaon tails will modify the theoretical neutron form factor noticeably and will bring it much closer to experiment.
The present study requires a formalism, which allows to identify the contribution of the mesonic clouds to a certain observable. The mesonic clouds originate in the chiral quark soliton model from the polarization of the Dirac sea. Another equally important contribution originates from the valence quarks. While the sea quarks give rise to mesonic components the contribution of the valence quarks can be disentangled into bare baryonic component which form together with the corresponding mesonic component the total nucleon. Thus one has basically two seemingly different pictures. In one (soliton picture) the nucleon consists of valence quarks and polarized sea quarks, adiabatically rotating in space in order to give the soliton the proper quantum numbers. In the other (baryon-meson picture) the nucleon consists of a bare nucleon plus a delta coupled with a pion plus a hyperon coupled with a kaon, etc. Usually these pictures coexist without much connection between them. The present formalism tries to build a bridge between both pictures by identifying the meson-baryon components in the soliton.
The outline of the present paper is as follows: In section II we will shortly review the vacuum sector and the fixing of the parameters of the chiral quark soliton model (nonlinear Nambu-JonaLasinio model). In section III we will present the formalism for the calculation of the electric form factor of the nucleon, as far it is needed for the further discussions. We will introduce the so-called meson expansion in order to identify the contributions of the meson clouds to the form factors and to disentangle the baryonic contributions of the valence quarks. In section IV we shall identify the Yukawa tails of the soliton and discuss their dependence on the current quark masses. Numerical calculations of the neutron electric form factor and of the nucleon strange form factor are given in section V. We furthermore suggest the so-called hybrid method which estimates the effect of having proper Yukawa tails for both pions and kaons. A summary and outlook concludes the paper in section VII. Some details of the formalisms are given in the appendix.
II. STRUCTURE OF THE VACUUM
We have several parameters in the chiral quark soliton (χQS) model. To fix them we investigate meson properties in the vacuum. This investigation have already been made by many authors, summarized in a recent review by Christov et al. [1] and also by Wakamatsu and Yoshiki [2] . Christov et al. have employed the linear-bosonized-NJL Lagrangian where the scalar meson exists as well as the pseudo-scalar meson. However, in the χQS model the nucleon is constructed by the valence quarks interacting with the "Goldstone" bosons which correspond to an angle of the spherical coordinate in the space spanned by scalar and pseudo-scalar mesons. Therefore, to make calculations consistent, one should investigate the structure of the vacuum according to the "Goldstone" bosons. Wakamatsu and Yoshiki did this investigation in SU(2) flavor space. In this section we repeat it, but in SU(3) flavor space.
The effective meson action
The χQS model is derived based on the instanton picture of the QCD vacuum [3] and is described by the partition function with a very simple QCD effective action, in which quarks interact via Goldstone bosons:
where the L χQS is the Lagrangian of quarks interacting with Goldstone bosons described by the chiral meson field U:
with U 5 = 1+γ 5 2
The chiral meson field is defined by U( x, t) = e iλ a φ a ( x,t)/f , where the f is a scale factor. In SU (3) , the matrix of current quark massesm and the meson matrix λ a φ a are respectively defined as η π
In eq. (3) we do not assume a certain embedding of SU(2) into SU(3) nor refer to hedgehog structures. The coupling mass M (constituent mass) denotes the strength of coupling between quarks and chiral mesons. This is a parameter which is actually fixed by baryon mass-splittings [1] .
To investigate a structure of the vacuum, we integrate over the quark field in eq.(1)
where Sp denotes a functional trace SpX ≡ d 4 xTr f,s x|X|x . Tr f,s is corresponding to a trace in flavor-and spin-space. In eq.(4) the Dirac operator D is defined by
Generally the effective action S ef f = −N c Sp log D can be separated to real and imaginary parts
In the vacuum, ≪ 1 are realized, therefore we can expand the real and imaginary parts of action (6) in terms of chiral meson fields using a technique similar to the derivative expansion [4] . By retaining only the lowest contribution, the imaginary part reduces to the so-called Wess-Zumino action [5] . Here we are interested only in the real part of the action to investigate mesonic properties of the vacuum. After straightforward calculations, we obtain the following effective meson action in the lowest non-vanishing order, 
The φ a ph is a physical meson field which is renormalized:
The V φ a (k) is a renormalization factor and, for instance in the exact SU(3) symmetric case (m u = m d = m s ≡ m 0 ), is expressed by
where M i = m i + M. It should be mentioned that there is no meson mixing term in the action (7) if we assume the isospin symmetry m u = m d . We obtain the expressions of meson masses in the exact SU(3) symmetric case:
Here V 1 (M i ) describes the one-vertex quark loop and V 2 (M i , M j ; q) corresponds to the two-vertex loop
where cut d 4 k is the four-momentum integral including ultraviolet cut-off. Here we have defined
Meson decay constants Since the Goldstone bosons have direct couplings to the broken axial currents A a µ , we have
where the f ab φ (p) is defined in this way. The vacuum state is denoted by the |0 . In the exact SU(3) symmetric case, we have f ab φ (p) = f φ a (p)δ ab where the f φ a (p) is the meson decay constant. Here the meson state |Φ a (p) is defined by
and normalized by 
The A a µ is defined by the quark bilinear operator:
Using ( 
We expand the right-hand-side of eq.(17) in terms of the meson fields using the method which is used in the case of the effective meson action and restrict ourselves to the lowest non-vanishing order of the expansion yielding 
with p 2 = −p µ p µ ( see FIG.1 ).
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Combining eq. (18) and (16), we get
Here we have used V 2 (M i , M j ; +q) = V 2 (M j , M i ; −q).
The quark vacuum condensation
The quark vacuum condensation 0 Ψ (0)Ψ(0) 0 is evaluated by 0 Ψ (0)Ψ(0) 0 = 1
We have restricted ourselves to the lowest order of the expansion. On the other hand, using (10) and (19), we get
From (20) and (21), it is clear that we recover the Gell-Mann-Oakes-Renner relation: 
Fixing of the parameters We have several parameters. Some of them are the cut-off parameters of integration of quark loop. The others are the current quark mass m 0 and the coupling mass M which plays a role of the strength of the interaction between quarks and chiral mesons. We use the proper-time regularization scheme [6, 7] of the cut-off and obtain expressions of the quark loop integrations instead of eq.(11):
We fix the current quark mass m 0 = 8 MeV. We parameterize the cut-off function ϕ cut (τ, Λ) with two parameters (Λ 1 and Λ 2 ) and fix them to reproduce the pion mass by eq.(10) and the pion decay constant by eq.(19) off the mass-shell q 2 = 0:
To treat the flavor symmetry breaking m u = m d = m s , we keep the isospin symmetry, where up and down current quark masses are the same ( m u = m d = m 0 ) and fix the strange current mass m s to reproduce the kaon mass by the expression which includes the flavor symmetry breaking:
where the cut-off function ϕ cut (τ, Λ) is fixed by pion properties. The remaining parameter is only the coupling mass M. The coupling mass M is actually fixed by baryon mass-splittings [1] . The fixed range of the M is between 400 MeV and 440 MeV, with a preferred canonical value of M = 420 MeV.
III. THE MESON FIELD EXPANSION OF THE NUCLEON ELECTRIC FORM FACTOR
In the χQS model nucleon matrix elements are calculated in the path integral formalism. We can integrate over the quark fields explicitly, however the integration over the meson fields needs some approximation. Usually we employ the saddle point approximation to carry out the integration over the meson fields. Unfortunately this means that without further calculations it is not possible to understand how the mesons contribute to the results. In this section, to study the behavior of the mesons we will first use the so-called meson expansion. After that we will go to the calculation within the saddle point approximation, where the electric form factors of the nucleon are numerically given. One should note that for didactic reasons we do not discuss all terms of the meson expansion of the form factors in detail. The numerical results, however, are evaluated using the full theory.
Formulae of form factor
The electric form factor of the nucleon is evaluated by the matrix element of the electric current:
with V 0 (0) =Ψ(0)γ 0 QΨ(0). The Q is the electric charge operator expressed by the diagonal matrix in flavor space:
The J N (x) and J † N (y) are nucleon annihilation and creation operators, respectively. They are defined by
where the c i corresponds to a color index and the f i and s i are flavor and spin indices, respectively. The Γ
is a symmetric matrix with flavor and spin indices and carries the quantum numbers of the nucleon. It is convenient for the latter discussion to split it into flavor and spin matrices explicitly
where the [f 
where
and
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FIG.2
To carry out the integral over the meson fields in eqs.(32), (33), one generally uses the saddle point approximation in the limit of large number of colors N c . The saddle point solution of the chiral meson field U is a static localized field configuration. It is not given in a way that the contributions of the various meson fields (pions, kaons) to the form factors can be identified. Hence, before performing the saddle point approximation, we aim to make the behavior of mesons clear expanding the quark propagators 1 D in terms of the chiral meson field U. This will form a bridge between the soliton picture and the meson-baryon picture of the nucleon.
The expansion in terms of meson fields
The chiral meson field U is constructed by an exponential function of meson fields φ a and described by
Using eq.(34) the quark propagator is described by
The naive expansion of d by the F expressed by
can not be justified, because the ratio of F to the d F is not clear. Instead of that, we employ the following formula (see FIG. 3)
F and the G (1) and G (2) are defined by 
FIG.3
Let us write explicitly them down
where −∂ 2 ≡ ∂ µ ∂ µ . While the order of d 2 F is 1, the G (1) and G (2) are proportional to the ratio ofm and a derivative of F to the M. Therefore, when we take a M large enough to have G (1) ≪ 1 and G (2) ≪ 1, the expansion (37) is justified. Let us divide the F into odd and even functions of the meson field φ
The G (1) and G (2) can be rewritten in
First we expand the sea quark contribution. We assume the translational invariance of the matrix element of the electric current:
According to eq.(35) we have the following formula of the sea quark contribution:
After performing the trace of gamma matrices Tr s we have non-vanishing terms of the trace part in eq.(43) in the first order of the expansion:
Since the F odd and F even are polynomial functions of the meson fields, we have multi-leg-diagrams as shown in FIG.4 . 
FIG.4
When we make the scale factor f large enough to give φ a /f ≪ 1, we are allowed to take only the term including two meson legs:
Actually the condition φ a /f ≪ 1 is realized in the asymptotic region in the soliton calculation. Let us call this procedure making us reach to eq.(45) "meson expansion". Now we expand the valence quark propagators in eq.(43) and integrate over the meson fields. After that, the sea quark loop will be connected with the valence quark propagator via meson propagators. For simplicity of the calculation, in this work, we make only one valence quark connect with the sea quark loop and the others be free quark propagators. Furthermore we treat only non-spin-flip case:
Here we have meant by the
the valence quark propagator which we would get after carrying out spin algebra. We restrict the number of meson fields in the connected valence quark propagator to two, which is the minimum number to permit us to have non-zero results:
where we have neglected the terms which would be vanished in the exact SU(3) symmetric case. The g µν is the metric tensor g µν = diag(1, −1, −1, −1). The P 1 , P µ 2 and P µν 3 are defined by 
Mesonic clouds
Carrying out the trace of flavor of the quark loop in eq.(45), we find that only charged meson clouds contribute to the electric form factor. We show them using the type B diagram in FIG.6.
FIG.6
Especially the neutron has
Clearly the sea quark contribution of the neutron electric form factor comes from the effect of kaonic cloud which is a partner of Σ − core as well as those of pionic clouds which are partners of proton and ∆ − cores. Here we have to mention that these combinations of meson and baryon are nothing but parts of the components which construct the neutron. As we discussed, these contributions are the most simple ones. We have also contributions in higher orders of the meson expansion, which give us more complicate structures. Now we would like to discuss the valence quark contribution to the electric form factor. Let us show the expression of the valence quark contribution according to eq.(35):
We expand the valence quark propagator connected with the external current using the meson expansion. The other propagators are restricted to free quark propagators. However the meson expansion of the valence quark contribution is really complicated and it is not worth to show explicitly in this In FIG.9 the B denotes the baryons (nucleons and hyperons).
IV. YUKAWA TAIL OF THE HEDGEHOG
In this section, we introduce the saddle point approximation to integrate over the meson fields in eqs.(32), (33). We denote the saddle point solution of the chiral meson field U byŪ . In the solitonic sector theŪ is a static localized field configuration. Following Witten's suggestion of the trivial embedding of SU(2) into SU(3) theŪ is expressed by the SU(2) hedgehog pion field as
where the hedgehog pion is described byπ a (r) =x a |π|(r) =x a √ 2F (r)f with r = | x|. In order to perform the usual collective quantization we introduce a rotation in SU(3) flavor space and a translation in coordinate space:
With eq.(51) the kaon and η-meson are generated by the SU(3) rotational excitation of the SU(2) hedgehog pion. After redefining the quark field according to eq.(51) the Dirac operator D in eq. (5) is changed:
where theP is a translational operator and the dots on the A and Z denote the time derivative in the Minkowski space. In the exact SU(3) symmetric case (m u = m d = m s ≡ m 0 ), the matrix of current quark massesm is proportional to a unit matrix, m 0 1, and we have
with
We treat the difference between D ′ and D 0 perturbatively. The non-perturbative action is defined by S 0 = S val −N c Sp log D 0 , where the S val comes from the valence part, and hedgehog pion configuration F is fixed by
On the other hand, using the meson expansion the S 0 becomes
wherem π is the hedgehog pion mass described bȳ
Theπ a ph is renormalized and related to the F bȳ
According to eq.(24), the hedgehog pion massm π is clearly equal to the pion mass m π = 139 MeV. From eqs.(55), (56) we find that the hedgehog pion configuration has in the solitonic sector a Yukawa tail in the large distance region where the meson expansion is justified:
This is an important fact showing that the pion mass, defined in the vacuum sector, and the pion mass, extracted from the Yukawa tail of the hedgehog soliton, are identical.
Our aim is the investigation of the kaon cloud effects on the nucleon electric form factor. Therefore it is needed to treat the flavor symmetry breaking, especially the mass difference between the strange quark and non-strange quark, m u = m d = m s . We keep the non-strange quark current mass equal to m 0 and fix the m s using eq.(25). Following the well known philosophy of the perturbative approach to the SU(3) hedgehog we solve the Dirac equation of D 0 exactly and treat the term A †m A − m 0 of eq.(52) perturbatively. In this way we solve
The perturbation of current quark mass in eq.(60) is corresponding to that of the mass difference between strange and non-strange current quark masses, m s − m 0 . However this is nothing but one possibility amongst others. In principle we can choose any mass difference m s −m 0 as a perturbative term. Therefore we redefine the D 0 bȳ
in
where we have putm 0 in theD 0 instead of m 0 . The redefinition of D 0 intoD 0 allows now to have pseudo scalar fieldsπ a , whose tail have a Yukawa mass different from m π = 139 MeV. In fact in the approximation of eq.(56) we have forD 0 the hedgehog pion mass: 
V. ELECTRIC FORM FACTOR WITH THE SADDLE POINT APPROXIMATION

Formulae
We introduce the saddle point approximation to integrate over the meson fields in eqs.(32), (33). It is convenient to split the electric current into the third and octet currents:
with V (a) 0 =Ψγ 0 λ a Ψ. We refer for the formulae to the work by Kim et al. [8] and skip the derivations. We have also the zeroth current V 
The I 0 (r), I 1 (r), I 2 (r), K 0 (r), K 1 (r) and K 2 (r) are given in APPENDIX B. The term including the K 0 (r) on the right-hand-side of eq. (65) is missed in ref. [8] . In eqs. (65), (66), N denotes the expectation value of the Wigner's D-functions in the collective space. TheĴ a is the angular momentum operator which is a differential operator acting on the collective coordinates. The ∆m a is defined bym . With the SU(3) flavor symmetry broken, the nucleon eigenstates of the collective Hamiltonian, ξ N (A), are not in a pure octet but mixed states [9] . The ξ N (A) is needed when we calculate the expectation value N , for instance
The mixed states of the nucleon are expressed by
We give the expression of σ in APPENDIX B. When we take the ∆m corrections to the nucleon wave function into account, we restrict ourselves to the (∆m) 1 order.
VI. NUMERICAL RESULTS AND DISCUSSIONS
Neutron electric form factor: proper pion tail, poor kaon tail The best region of the coupling mass M (constituent mass) is between 400 MeV and 440 MeV, where the baryon mass splittings are obtained well [1] . However, first of all, to emphasize the effects of the mesonic clouds on the electric properties of nucleon, we calculate them with M = 700 MeV. Qualitatively the general features of mesonic cloud effects are the same with any coupling mass M. After the discussion with M = 700 MeV we will come to the realistic case of M = 420 MeV. We show the neutron electric charge density calculated with M = 700 MeV andm π = m π (same as m 0 = m 0 ) in FIG.11 , where the result in SU (2) is also given. In the SU(2) calculation we have only the effects of the pionic cloud, therefore we can recognize the sea quark contribution in SU(2) as the pionic cloud contribution and hence the difference between the SU(2) and SU(3) results as the contribution of the kaonic cloud. Furthermore in SU(3) the valence quark contribution includes also the hyperon components which do not exist in the SU(2) calculation. In FIG.11 one notices that in the large distance region the pionic cloud is counteracted by the kaonic cloud because the pionic cloud has a negative charge but the kaonic one is positive.
The works by Wakamatsu [10] and Christov et al. [11] show that the neutron electric form factor calculated in SU (2) is overestimated compared to the experiments. However one can expect that the neutron electric form factor would be reduced by the kaonic cloud effects in SU (3) 
We see that both of the pionic and kaonic clouds are parameterized with the same hedgehog pion massm π and this is equal to the pion mass m π = 139 MeV. This is due to the following reason. In the saddle point approximation which we use to calculate form factors, the kaon field appears as the result of rotation of the hedgehog pion field and, therefore, has the same mass as the hedgehog pion mass. In the case ofm 0 = m 0 the hedgehog pion massm π is exactly the same as the pion mass: In TABLE II we show the neutron electric charge radius:
In SU(2) the neutron electric charge radius is dominated by the sea quark contribution (pionic cloud effect) and its absolute value is overestimated. On the other hand in SU(3) the valence quark contribution is not tiny compared to SU (2) . It is caused by the contributions from hyperon components. Furthermore we have also the kaonic cloud contribution and, finally, the absolute value of neutron electric charge radius is underestimated in SU(3) (withm π = m π ). To solve this problem we should treat the kaonic cloud carefully. For that purpose we investigate the strange electric form factor.
Strange electric form factor: pion tail vs. kaon tail The strange electric form factor is based on the strange electric current:
The corresponding form factors have recently been calculated by Kim et al. TABLE I we also show the strange electric radius:
The sea quark contribution in the case ofm π ≈ m K is quite smaller than in the case ofm π = m π while the valence quark contribution in both cases is almost the same. Here we would like to mention that the kaonic cloud has the Yukawa tail and, therefore, one can expect that the radius is proportional to the inverse of the Yukawa mass. In fact the ratio of radii in cases ofm π = m π andm π ≈ m K is:
Using this improvement of the kaonic cloud we calculate now the neutron electric form factor.
Neutron electric form factor: hybrid calculation with proper pion and kaon tails The neutron electric charge distribution is constructed by the valence quark contribution and the contributions from pionic and kaonic clouds. Apparently there is a dilemma: We know from the discussions in this paper that both the pionic and kaonic clouds are important for the neutron electric form factor. However, if we usem π = m π (m 0 = m 0 ) the pion tail is right and kaon tail is wrong. If we calculate the neutron electric form factor in SU(3) withm π ≈ m K (m 0 = 100 MeV) to improve the kaonic cloud effect, the pionic cloud effect would not be properly produced. Hence we apply the following approximation. First, we calculate the neutron electric form factor in SU(2)
mπ =mπ we have only a good description of the pionic cloud. However the pionic cloud effect is not enough to reproduce the neutron electric form factor as we discussed already. To get the kaonic cloud effect we need to calculate the G n E also in SU (3) with
. Learning from the case of strange electric properties we know that in
we have a good description of the kaonic cloud, however the pionic cloud effect is wrongly calculated. To remove this wrong pionic cloud effect, we calculate the G n E in SU (2) with
, and subtract it from the
. This subtraction gives only kaonic cloud effect with a correct Yukawa tail behavior. Finally we can obtain the neutron electric form factor with the effects of the proper pionic and kaonic clouds:
We call this the hybrid method. We investigate also the proton electric properties using the hybrid method. We show the electric form factor and charge radius of proton in FIG.19 and TABLE III, respectively. The proton is a rather insensitive system to the mesonic clouds in comparison with the neutron and hence previous calculations withm π = m π in SU(2) and SU (3) are not much affected [1] .
VII. SUMMARY
In summary, we have investigated the effects of the kaonic cloud on the electric properties of the nucleon within the chiral quark soliton model in SU(3) flavor space. To this end we have formulated a meson expansion which allows to identify the mesonic clouds in a solitonic field. We have shown that the sea quark polarization part of the calculation corresponds to the contribution from the mesonic excitation of the vacuum. The usual evaluation of the neutron electric form factor with the hedgehog pion, which has the Yukawa tail behavior characterized by the pion mass, gives a serious underestimation. The reason is that the kaon field has the same tail behavior as the pion filed because it arises as the rotational excitation of the hedgehog pion field. We have solved this problem using the hybrid method of treating the mesonic clouds. In this approach one treats the form factor in an operational way that the proper asymptotic behavior of both pionic and kaonic clouds are respected. The neutron electric form factor turns out to be very sensitive to the treatment of the mesonic clouds. The result of the hybrid method differs noticeably from previous SU(2) and SU(3) calculations of the chiral quark soliton model and agrees well with the experiments. We have shown also the strange electric form factor and the square radius using the hybrid method and obtained remarkably smaller results than those appearing in the previous works done in the same model framework. We have investigated also the proton electric properties, however they are rather insensitive to the kaonic clouds and hence the good results of previous calculations are reproduced.
ACKNOWLEDGEMENT
We would like to thank M. Prasza lowicz and M. Polyakov for fruitful discussions and critical comments. This work has partly been supported by the BMFT, the DFG and the COSY-Project (Jülich).
APPENDIX A: FINAL EXPRESSIONS OF THE SEA QUARK CONTRIBUTION TO THE ELECTRIC FORM FACTOR WITHIN THE MESON EXPANSION
In this appendix we present the final expression of the sea quark contribution to the electric form factor within the meson expansion. The sea quark contribution to the electric form factor is expressed by eq. (43):
We have expanded the sea quark contribution using the meson expansion and obtained eqs.(45), (47). The effective action have been also expanded by the meson field and expressed by eq. (7):
We put eqs. (45), (47) into eq. (43) and integrate over the space and the meson fields according to the mesonic effective action (7) . The final expression is given by
where we have defined d
and the
Here Z ′ is defined by
APPENDIX B: EXPRESSIONS OF THE DENSITIES
In this appendix we present the expressions of the electric current densities. The explicit derivation is given in ref. [8] . Each density is expressed by
In eq.(B1) the ψ n is the eigenfunction of the Hamiltonian h and the ǫ n is its eigenvalue, where
On the other hand, the ψ n 0 and ǫ n 0 are the eigenfunction and eigenvalue of the Hamiltonian h 0 = −i α · ∇ + βm 0 + βM1 with 1 = diag(1, 1). We have meant the space integral by the n|T |m
The eigenfunctions are normalized by
The I 1 and I 2 have to be regularized, so that we introduce the proper-time regularization scheme and replace the factor
.
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